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In this paper, we have studied non stationary dust spherically symmetric spacetime, in general 
covariant theory (17(1) extension) of the Hofava-Lifshitz gravity with the minimally coupling and 
non-minimum coupling with matter, in the post-newtonian approximation (PPN) in the infrared 
limit. The Newtonian prepotential tp was assumed null. The aim of this work is to know if we can 
have the same spacetime, as we know in the General Relativity Theory (GRT), in Hofava-Lifshitz 
Theory (HLT) in this limit. We have shown that there is not an analogy of the dust solution in 
HLT with the minimally coupling, as in GRT. Using non-minimum coupling with matter, we have 
shown that the solution admits a process of gravitational collapse, leaving a singularity at the end. 
This solution has, qualitatively, the same temporal behaviour as the dust collapse in GRT. However, 
we have also found a second possible solution, representing a bounce behavior that is not found in 
GRT. 

PACS numbers: 04.50.Kd; 98.80.-k; 98.80.Bp 


I. INTRODUCTION 

The construction of a Quantum Theory of Gravitation 
is one of the unsolved problems of modern physics. The 
biggest challenge faced by all the researchers, who have 
tried to build a new gravitation theory, is that this new 
theory must be valid at all scales. Since the gravity force 
is a relatively weak one, it is not expected to be observed 
any of its quantum effects. For this reason the criteria 
that a new candidate quantum gravity theory must fulfill 
are constrained by mathematical and self-consistency cri¬ 
teria, reproducing observable results, confirming General 
Relativity Theory, and finally, making non-trivial predic¬ 
tions that may possibly be tested. 

Hofava-Lifshitz gravity theory (HLT) Q i has drawn 
a lot of interest primarily due to its properties to solve the 
perturbative non-renormalizability of quantized standard 
Einstein gravity at the expense of breaking relativistic in¬ 
variance at very high energies, while restoring it at low 
energies. After that, further deep connections of Hofava- 
Lifshitz formalism to condensed matter physics were dis¬ 
covered within the framework of gauge/gravity duality 
(holography). 

Unfortunately, the original Hofava formulation was 
contaminated by a number of serious problems which has 
caused the development of various non-trivial modifica¬ 
tions. One of the promising latter modifications is the 
one without the so called projectability condition and 
with an additional Abelian gauge symmetry, which in 
particular solves the problem with the unphysical scalar 
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graviton. Due to the extensive works in this area, we 
suggest to the reader the references 

In order to establish the physical relevance of any mod¬ 
ification of Hofava-Lifshitz gravity it is very important to 
check that the latter reproduces the known physically fea¬ 
sible properties of standard Einstein General Relativity 
(EGR) at low energies. Within this condition, we have 
checked whether the non-projectable version of Hofava- 
Lifshitz gravity with the extra U(l) gauge symmetry con¬ 
tains in the low energy limit solutions of Vaidya-type [d^. 
The answer was negative and, therefore, led us to the 
important conclusion that in order to establish consis¬ 
tency with EGR at low energies the gauge field associated 
with the extra U(l) gauge symmetry of the enlarged non- 
projectable Hofava-Lifshitz gravity should have some in¬ 
teraction with the pure radiation matter generating the 
Vaidya spacetime geometry. 

Lin et al. (2014) [4l|, have proposed a universal cou¬ 
pling between the gravity and matter in the framework of 
the Hofava-Lifshitz theory of gravity with an extra U(l) 
symmetry for both the projectable and non-projectable 
cases. Then, using this universal coupling they have stud¬ 
ied the PPN approximations and they have obtained the 
PPN parameters in terms of the coupling constants of 
the theory. 

Goldoni et al. (2014) [d^, using Lin at al. (2014) [4l| 
approximation, have shown that there is not an analogy 
of the Vaidya’s solution in Hofava-Lifshitz Theory (HLT) 
without projectability, as we know in General Relativity 
Theory (GRT). 

In another recent paper, Goldoni et al. (2015) [d^ . 
using again Lin at al. (2014) [4l| approach, have also 
shown that there is not an analogy of the Vaidya’s solu¬ 
tion in Hofava-Lifshitz Theory (HLT) with the minimally 
coupling and without projectability, again as we know in 
GRT. 
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The goal of this present paper is to study the behavior 
of a dust fluid solution of GRT in HLT for the infrared 
limit. 

We want to know if we can have the same spacetime, 
as we know in GRT, in HLT in this limit. 

Using again the results of Lin et al. (2014) [4l| we have 
studied the spherically symmetric spacetime filled by a 
dust fluid, in general covariant theory (17(1) extension) 
of Hof ava-Lifshitz gravity with a minimally coupling , 
in the PPN approximation and in the infrared limit. We 
will analyze if a solution like this one can be described in 
the general covariant HLT of gravity [i^, [1^ . In Section 
H we present a brief introduction to HLT with the mini¬ 
mally coupling [4l| considered here and present the field 
equations of HLT modified. In Section HI we show the 
dust solution in the infrared limit. In Section IV we dis¬ 
cuss the results. Finally, in the Appendix A we present 
some quantities necessary in HLT field equations with 
minimally coupling (4ll |. 

II. GENERAL COVARIANT 
HORAVA-LIESHITZ GRAVITY WITH 
COUPLING WITH MATTER 

In this section, we shall give a very brief introduction 
to the general covariant HLT gravity with the minimally 
coupling. For detail, we refer readers to 1^. l4lj| . 

The Arnowitt-Deser-Misner (ADM) form is given by 

ds^ = -N^df + g^j (dx* -k N^dt) {dx^ + N^dt) , 

(z, 7 = 1,2,3), (1) 


first terms in F and D to unity, we have used the free¬ 
dom to rescale the units of time and space. We also have 

V, = (V, + iVV,(^), . (5) 

Considering the exposed before, the matter action can 
be written as 

Sm = J dtd^xNy^ ( 6 ) 

where ipn collectively stands for matter fields. One can 
then define the matter stress-energy in the ADM de¬ 
composition, with the minimally coupling. The different 
components are given by (for the details see [4l|) 

pniEGR) = 

SHEGR) = = J* = 

^ sm 

S^^iEGR) = = 

ij ^ 2 S{Ny^£rn) 

NVg sm ’ ^ ^ 

where is the projection operator, defined as 

= g^'^\^ + nij,ni, and is the normal vector to the 

hypersurface t = constant, defined as = ^(—1, V®). 
Before, the prime and dot denotes the partial differenti¬ 
ation in relation to the coordinate r and t, respectively. 
Thus, the total action of the theory can be written as, 


where the non-projectability condition imposes that N = 
N{t,F). 

In the work of Lin et al. (2014) it is proposed 
that, in the IR limit, it is possible to have matter fields 
universally couple to the ADM components through the 


transformations 



where g 

N = FN, A® = 

A®-k Ag®^ Vj(/?, 


Ek = 

02 

gij — “ gij, 


(2) 

Ev = 

with 




F = 1 — Oicr, 

D = 1 — 02(7, 

(3) 



J dtdl^XyfgN — Ey + Ea + E^p -\- Es + 

( 8 ) 

= det{gij), N is given in the equation JT]) and 


- XK^, 

7oC^ - - 7ii?) -k ^ (j2R^ + "/sRijR"^^ 



Pi +P2 {a^iY +P3 (aiE) aE 


where 

A-A 

^ ^ N ’ 

A = + i A (V®^) (V,^), 

(4) Ea 

and where A and ip are the gauge field and the Newto- Fp 
nian prepotential, respectively, and Oi and 02 are two 
arbitrary coupling constants. Note that by setting the 


aij + P 5 [aiA) R + P^aia^R^^ + P^RA^ 



mm ElSsiAaf 


AR 

{2K^j + ViVjp + QiVjp) 


+(1-A) 


(A(/3 -k -k 2(A(/j -k aiV''p)K 
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1 


j_ 

3 


4(V,Vj(p)a(fcVj)(/9 

+ 5 (a(iVj)(/3) a(^k"^i)(p + 2 (V(i(/5) 

+ 6 i^ya(iVfc)(^ , 

C-s = cr(cria*ai + 0 - 20 %), (9) 

where 

1 


c" = 


167rG’ 


( 10 ) 


where G denotes the Newtonian constant, Cm is the La- 
grangian of matter fields, — g'"^g^'" [^ . 

Here A = g'^^ViVj and all the coefficients, /3„ and 7 ^, 
are dimensionless and arbitrary. Cij denotes the Cotton 
tensor, defined by 


ikl 






( 11 ) 


with = 1. Using the Bianchi identities, one can show 
that CijC^^ can be written in terms of the five indepen¬ 
dent sixth-order derivative terms in the form 

CiiC^^ = -R^ - -RR,,W^ + 3i?ii?ii?f -b 

j 2 2 j I- g 

+ (V,i?,fe) + VfeG^ ( 12 ) 

where 


Qk ^ - ^RV^R. (13) 

The Ricci and Riemann tensors Rij and i?* all refer 
to the 3-metric gij, with Rij = R^ikj and 

Rijkl — gikRjl “b gjlRik gjkRil guRjk 
~2 idikgji ~ gugjk) R, 

i~ 9 ij + ^3 R^i) 5 

Qij = Rij — —gijR, 

Qi — ^ , Q^ij — V jClij 


(14) 


where Ni is defined in the ADM form of the metric [39j , 
given by equation O- 

The variations of the action S ([H) with respect to N 
and A® give rise to the Hamiltonian and momentum con¬ 
straints, 


Ck + Cv + Fv - - F), + ns = SttG J* 


(15) 


Ml; + - (1 - A)g®l(vV + OfcVV) 

- = SttGJ®, (16) 


where 


2 tTi 


Rs = ^V,[a^A-A)]-^W^A-A) 


-b-asVjTjV-^V?, 


Mh = 

ji _ Jt 

SNA SN ’ 

7rb = -K^i + XKg^^, 


with 


as = cTiaia’' + < 720 ), 


(17) 

(18) 


and Fy, F^ and Fx are given in the Appendix A. 

Variations of S with respect to (p and A yield, respec¬ 
tively, 


1 


g^A2K^j + -b a(G\/j)ip) 


_^g^3ki\^^k{ai)NKA + ^ V(fc(aq AV.V.t?) 

2 5 

+ -^'^j{Naiakyip) 

+ gVj(AaifeVi(/7)|’ -b Sg 

+ ^{v 2 [lV(VV + afeVV)] 

-V'[A(VV + afcVV)a*] 

-bV^(AA:) - V\NKa,) \ = SttGJ^, (19) 


where. 


2 AI ^ dt 


and 


where 


-Vfe [(A'^' + AVV) as] 


R — as = SttG J A, 


( 20 ) 


( 21 ) 


= = ( 22 ) 


6 p 


5A 


On the other hand, the variation of S with respect to 
gij yields the dynamical equations, 


1 d 


{x/gTT^^) + 2 (A®'®A^ - XKKA 
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-\g"^I^K + ^Vfc(7r*'=iV^ + - 7r*^'iV'=) 

- }-g^^Cs + Fl^ - \g^^CA + 

-^{AR^^ + g^^V'^A - V^VM) = SttGF^ (23) 

where 

_ 2 S{y/gNCM) 

^ ~ ^N dg,, ’ 

(24) 


A. Shear-free Dust Solution with the Minimally 
Coupling in the Infrared Limit 

In order to be consistent with observations in the in¬ 
frared limit [4l|, we assume that 

Pi = P 2 = Ps = 1^4 = Pd = Pe = Pr = Ps = Pg = 0, 

(29) 

70 = 72 = 73 = 74 = 75 = 76 = 77 = 78 = 79 = 0, (30) 

and for the PPN approximation in minimally coupling 
theory, we have 


and Fb, Fg^, F^ and F^ are given in the Appendix A. 


From reference we have that 


N = N{N,Ni,g^j,A,ip), 

Ni = Ni{N,Ni,gij,A,(p), 
9 ij ~ 9ij ! 9 ij ^ A,Lp). 


(25) 


Thus, 




Similarly, it can be shown that 


“ 1 ^SN, + SN,^ SN,^ 


N I dgij dgtj 2 bgij 


T 903 J -L jTr^gkl nkl 

Ja = 2Stt, -PJX + -^S +-F-^S 


i 


1 1 


(Fv/^),,-V, F(A*+AVV) 


lV5 

- Vi [N^^S^) 


(27) 


where 


- n3 1 „ „ 202 (1 - 0 . 2 ( 7 ) fc 


B = aip — 


N 


{Nk + fVVfcV?) 


-02 (1 - Oicr) (1 - 02 Cr) g^JS'■^ > . 


(28) 


Note that, if we use the projectable case of HLT then 
£5 = 0, Mg = 0, Hs = 0, Es = 0 and og = 0. In order 
to have these quantitities in HLT, it is only necessary the 
non-projectability condition (^ . 


Po = - 2(71 + 1), 

(31) 

oi = 02 = 0, 

(32) 

<7l = 0, 

(33) 

(72 = 4(1 — Ol) = 4. 

(34) 

Thus, we have the vanishing of the cosmological constant, 
as follows 

> 

III 

tol 

to 

II 

0 

(35) 

Besides, In the infrared limit we must have 


J* = -2p. 

(36) 

Now we consider the case of a shear-free 
Thus, the metric can be rewritten as 

dust [40l|. 

= -df + Y(r, t)2 [/(r)2dr2 -p 

] ■ (37) 

Using the equations ([T]) and (ITT)), we have 


Krr = -YYf, 

(38) 

1 

II 

(39) 

Ktjicj, = sm{9)'^Kee, 

(40) 

K = -3y, 

(41) 

r, ^f'Y'Y-fY'Y + fY'^ 

rtrr — 4 , 

(42) 

„ f'Y' - Y"f - f 

(43) 

^(fxp — Rqq^ 

(44) 
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2fY'Y - 2Y"fY - f'fY'^ + pY'^ , , 

R = 2— - ■' - - -, (45) 


C-K = 


/3y4 


3^2(1 _3A) 
y 2 ’ 


J3y4 


Fv = 0, 


(46) 


2fY'Y-2fY"Y-fY'^+fY^ 

Fv = Pi --, (47) 


(48) 


From the dynamical equations (1231) we have 

jrr 

= 


2/4r6 ’ 

where 

= 2[{A-ji)Y''^ + {A + ji)fY^]-4:A'Y'Y + 


(54) 


{1 - 3X){2fYY^ + 


= 


2/3y6 ’ 


(55) 

(56) 


Rs = 


jTyS 

[pY^A'ifY - 2fY") - Af'fY'Y^ + 
mf'f'Y'Y^ - lQf"fY"Y^ + 28/"/2y'- 
48f^Y'Y^ + 48f^fY"Y^ - 84f'^fY'^Y^ - 
20ffY"'Y^ + 100f'Y"Y'Y^ - 
80 f'fY'^Y + 4.pY"''Y^ - Sif^fY'W^ - 
28 fY'" - 16/3y"+ 88pY''Y'‘^Y + 


f5-iA//\^3 /inr3\^/4 10^51^/2-1^21 


4j5y//y3 _ 40j3y/4 _ 12 fY' Y% 


(49) 


H = Stt J' = 


J7y8 

[ApY^A'ifY - fY') - lOf'pY'Y^ + 


UAf'ffY'Y'^ - 6Af"pY"Y'^ + 122 f'pY'^Y^ - 
192f'^Y'Y^ + 192f^fY"Y^ - 886f^fY'^Y^ - 
80/'/2y///y3 4Q0 ffY"Y'Y^ - 820 fpY'^Y + 

4f'fY'Y^ji + 16pY""Y^ - n 2 fY"'Y’Y‘^ - 


64/4y"^2 + 352pY"Y'^Y - 4fY"YPi + 
16y5y/2y3 _ i0o/3y''‘ + 2fY'Y'^'Yi - 
48/5y/2y2 _ OXfY^Y^ + SfYY^ + 

2fYPp (50) 


3v"W'2i 




(i-3A)(y'y-yr') 

y 2 


(51) 


Ja = [2fY'Y - 2fY"Y -fY'^ + fpY^], (52) 


Jtn — 


1 


PY^ 

[3(1 - A)(/'y'y2 + fYY'Y - fY"Y^) + 
fY"YY + 

8 X{f'Y'YY - fY"YY + fY'^Y - 3pYY^) - 
f'Y'YY + fY"YY - 2/y'2y + /3rr2j ^ ^ 53 ^ 


= -2A"fY^ + 2A'fY^ + 2{A + 71 ) x 
if'Y'Y - fY"Y + fY’^) + (1 - 3A) x 
{2pYY^ + pY^Y^), (57) 


and 




(58) 


For a spacetime filled by a dust fiuid without pressure 
we have that 


Jr = 0. 

Using the equation (I51L combined with equation 
we have that 

YIjA) = yi{r)y 2 {t). 


(59) 


(60) 


Taking the above condition and imposing that Ja = 0, 
from equation (l52l) . we obtain 


‘^f'y'iyivl - 2/2/12/12/2 - Py'm)'^ + f{yiy2)‘^ = o. 

(61) 

Solving the above equation for f{r) we have that 

( 2 /))^ 2 /| 


fir) = 




(62) 


where ci is a constant of integration. 

Since / depends only on the coordinate r, then there 
is always a combination of the functions 2/1 and 2/2 in 
the equation (l62l) that probably transforms its right side 
independent of the coordinate t. Substituting now, the 
function /(r) into J^p = 0, from equation (1551) . we get 
that 


2 / 2(0 = C 2 , 


(63) 


where C 2 is an arbitrary constant. 

This last equation shows that the function Y does not 
depend on t, i.e., Y[r,t) = Y{r). Thus, we can rewrite 
the equation (|55]) as 


Pr) = 


{Y') 


r\2 


2 J + Cl 


(64) 
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where we have renamed the arbritrary constant ci as Ci = 
ci/c|. 

From the equation (l64ll we can conclude that the space- 
time is stationary, i.e., there is not collapse for this kind 
of fluid in the IR limit of HLT. This result is in contrast 
with GRT, where it is well known that there is collapse 
for a pressureless fluid, possibly forming at the end a 
black hole. 

Let us now show that the density energy is stationary 
as well, supporting the conclusion of the existence of a 
stationary spacetime. 

Since r’’’’ = 0 and Y (r, t) = Y(r) we can write from 
equation (l55l) that 

2[{A - 7i)r'2 + + 7 i)/^T^] - AA'Y'Y = 0. (65) 

From this equation we can derive A' obtaining A". 

Since = 0 and substituting the expressions for A' 
and A" in terms of A into equation (15711 . we can show 
that 

A{rA) = A{r). ( 66 ) 

Using the equations (IM)) and (|50)) and taking into ac¬ 
count that A{rA) = A{r), we can show that 

p(r,t)=p{r). (67) 

This is an expected result since the metric is indepen¬ 
dent of the coordinate t. Thus, we have proved that the 
spacetime is stationary. 

However, it had already been shown in the reference 
(dlj l that the projectable version of HLT excludes the min¬ 
imally coupling with matter. Therefore , in the case of 
dust fluid, for which the metric is projectable, it was con¬ 
firmed again in this Section, as our results have led to a 
static metric with a fluid density of dust p{r,t) = p(^)i 
contradicting the behavior of a such model with the same 
fluid in GRT. 


B. Shear-free Dust Solution with the 
Non-Minimum Coupling in the Infrared Limit 

Let us now analyze the case where it exists a non¬ 
minimum coupling with matter . In this case we have 
the following conditions. 


7i = -1, 

(68) 

«! = 1, 

(69) 

02 = 0, 

(70) 

F = 1-H, 

(71) 

0 = 1, 

(72) 



N = 1-A, 

(73) 


TV* = N\ 

(74) 


II 

(75) 


.4 = 0 , 

(76) 


a = A. 

(77) 

With these new parameters we have found that 



J* = -2p(l-H), 

(78) 


J* = 0, 

(79) 


= 0 , 

(80) 


Ja = — 2 p, 

(81) 


j^ = l(yp + 3Tp). 

(82) 

Thus, 





4Y" fY - 2fY'^ - 2fY% 

(83) 


Jr = j^{l-SX){Y'-Yy'), 

(84) 

Ja = 

j^{2fY'Y - 2fY"Y + fY'^ + fY^), 

(85) 

Jip — 

^[3(1 - A)(/'r'y2 + fY'Y'Y - JY"Y^) + 


fY"YY + {1- 3X){fY"YY - f'Y'YY) + 
{3X-2)fY'^Y + fYY^]. 

( 86 ) 

From 

the dynamical equations we get 



jrr 

= Sttt’'*' = , « , 

2 ’ 

(87) 

where 



d! 

= 2[{1 - A)(Y'^ - fY^)] - 4A'Y'Y + 



(1 - 3X){2fYY^ + fY^Y^), 

( 88 ) 


pee o^^ee 

^ =2/3y6’ 

(89) 
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where 

= 2A'fY^ - 2A"fY^ + 2(1 - A) x 
if'Y'Y + fY”Y - fY'^) + 
{l-5X){2fY^ + fY'^Y^), (90) 

and 

sin^ 9. (91) 


where ci and C 2 are arbitrary constants. 

Since the first solution Y (r, t) = 0 is not possible, the 
only solution is the second one. Substituting this solution 
into the equation (IM)) we obtain that A{r,t) = Air). 

Now, solving the equation for and using the equa¬ 
tions (1751) to (1551) we have that 


Pii-, t) 


CiPi{r) Y F{r) 
{at + C 2 )^ 


( 100 ) 


Therefore, for a spacetime filled by a fluid of dust with 
zero pressure and shear-free, we have = 0, as in Sec¬ 
tion IV. Thus, solving equation (1541) for the metric func¬ 
tion Y[r,t), we have found that the solution admits sep¬ 
aration of variables , i.e., 

yij-A) =yi{r)y2{t). (92) 

From equations (1751) and (l8lT) . we have that 


where the function pi{r) and the arbitrary function F(r) 
are dependent only to r. 

Using the equation (ISTj) for Ja we get that 


2f'Y'Y - 2fY"Y + fY'^ + pY^ 

7^^ 


( 101 ) 


Using the equations (1551) and (I100|) we get three possi¬ 
ble solutions: 


thus 


jt 


(93) 


1 . f(r) = 0, which is physically impossible, 

2 . Cl = 0, which gives the same results without the 
minimally coupling. 


A = [3(3A - i)yty2f + '^ylf - ^y'iyif + 4?/i 'V+ 

S/'yi ’yi] [^{fyl + ‘^f'yi 'yi - ‘iy'ifyi + Vi 'V)] ■ 

(94) 

Then, we derive the above equation once and twice in 
relation to r, in order to find the expressions for A' and 
A" . With these results, we can use to the dynamic equa¬ 
tions (1571) and (1551) , which are identically zero. Although 
we know the expression for A, the resulting equations are 
very difficult to be solved individually. However, we can 
notice that 

= 2[f{l-A){Y'^ - fY^)]-4fA'Y'Y + 

{1 - 3X){2fYY^ + pY^Y^) = 0. (95) 

Thus, we can write that 

AfA'Y'Y - 2[/(l - A)(r'2 - pY"^)] = 

{l-3X){2pYY^ + pP^Y"^), (96) 

where the right hand of this equation can be substituted 
in equation (1551) . giving 

2A'f'Y‘^ - 2A"/y2 -h 2(1 - A)(fY'Y + fY"Y - 
fY'"^ + AfA'Y'Y - 2[/(l - A){Y'^ - pY"^)] = 0. 

(97) 

Again, as in previous Section, solving this last equa¬ 
tion in relation to yi{r) and y 2 {t), we get two possible 
solutions 


y(r,t)=0, (98) 

or 

y{rA) =yi{r){cit +C 2 ), (99) 


3. F{r) = 0, which allows the density p dependent of 
t, i.e., p(r,t). 

With the third condition, we obtain that 


p[rA) 


cipi{r)t 
{cit + C2Y' 


( 102 ) 


We can see that the non-minimum coupling produces 
interesting results. It is still necessary analyze the tem¬ 
poral behavior of the energy density, in order to verify 
if this solution admits a gravitational collapse process, 
as expected in GRT. Thus, deriving the energy density 
given in the equation (|102|) . we get 


P(r,t) 


cipi(r)(c2 - 2cit) 

{cit + C2Y 


(103) 


Analyzing p(r, t) at t = 0, we have 


prA = 0) 


ciPiir) 


(104) 


Since the energy density as well as its temporal rate of 
change should be always positive, in order to insure a 
physically acceptable collapsing fluid, we have to impose 
some conditions on the constants ci, C2 and on the func¬ 
tion pi{r). 

Let us study two cases: Case (1) pi{r) > 0 and Case 
(2) pi{r) < 0 (see Figured]). 

1. Since p > 0, them ci and C2 must have the same 
signs. Besides, when p > 0 then 0 < t < Ui and 
p < 0 then t > tci, where t = Ci = |ci|/(2|c2|) 
represents the time of the inversion of sign of p. 
Thus, this case describes a situation of an initial 
contraction followed by an expansion, without the 
formation of a singularity. 














Note that we have also found a second possible solution, 
representing a bounce behavior that is not expected in 
GRT. 
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FIG. 1: Temporal behavior of the density p{r,t), given by 
equation (fT02l) . For pi > 0 we have used the values pi — 1, 
Cl = 1 and C 2 = 1, where t = td represents the time of the 
inversion of sign of p. For pi < 0 we have used the values 
pi = —1, Cl = 1 and C 2 = —1, where t = tc 2 denotes the time 
of divergence of p. 


2. Again, since p > 0, thus ci and C2 must have the op¬ 
posite signs. Besides, when p > 0 then 0 < t < tc 2 
and p —>■ oo at t = tc 2 = |c2|/|ci|. Thus, this case 
describes a typical gravitational collapse situation, 
which is consistent with the results of GRT. 


III. CONCLUSION 

In this present work, using again the results of Lin et 
al. (2014) [4l[ we have studied the spherically symmetric 
spacetime filled by a dust fluid, in general covariant the¬ 
ory (C7(l) extension) of HLT with the minimally coupling 
|44]| . in the PPN approximation in the infrared limit. We 
have analyzed if a solution like this one can be described 
in the general covariant HLT of gravity [l^, . 

Although we do not have a realistic model, we can 
describe the gravitational collapse as we can see in GRT. 
Besides, confirming what was found in the reference [4lj, 
the projectable HLT excludes the minimally coupling, 
and it does not reproduce the well known results in GRT. 

However, when using non-minimum coupling with 
matter, we have shown that the solution admits a process 
of gravitational collapse, leaving a singularity at the end. 


IV. APPENDIX A: DEFINITION OF F/A 

f;-’ and f^-’ 

The quantities F®-’, , F/-’, and Fg^ are given by 


F^i _ 


F^ 


1 5{-^NC^) 

Y,%C‘{Fsr,nb 

s=0 

—a {aia^'a^ + (720*'^) 


(105) 


' 2 
<72 


_ 




F^ 


- A)] - - A)], 


(106) 


(VV)(VV) + 2 

1 Sj-y^NC-y) 

y/gN 

Y.psr^{F^r\ 

1 5{-^NC^y) 

s^O 

—a + (72 

^(VV)(VV) + 2 




N 

^2 vrfe 


N 


- A)] - - A)], 

( 107 ) 
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with 

f 15 3 1 

Us = (2, 0,-2,-2,-4,-4,-4,-4,-4,-4), 
ms = (0,-2,-2,-2,-2,-2,-2,-2,-4), 

= (^ 2 ,l,l, 2 ,mi-A, 2 - 2 A^ . (108) 

Thus, Fy, F^p and Fx are given, respectively, by 


Fv = + a^an - ^ 


3(a,a*)^ + 4V,(afea''a*) 


+ 


+ 


132 

e 

e 

134 

e 

k 

e 




- {a^a^)a] - 2V,[a]a3) + -V\Na^a3) 






+- 


- R{a^a3‘) - 2V*(i?a*) 

- a,ajR^3 _ v,{ajR^3') _ Vj(a,ff^) 

Ral + ^V^iNR) 

{Aa^r - ^V^[A{NAa,)] 




- g''3'^'‘[{aiVj(p){akVnp) + Vi{akVj(fVi(p) 


+Vfe(a^Vj<pV/(/5)] 


2 
+ 3 


g^^'^'[a^kVJipVlip + -V,Vfc(iVV,(^V/(p)] 


( 110 ) 


Fx = (l-A)UvV + a*VV)"-i^V,(iVA-VV) 


N 


--V,[iV(V 2 (^ + a,VV)VV] 


( 111 ) 


{Fn)ij, {F^),J and (F^)^^, defined in equation 
are given, respectively, by 


{Fo)ij 

{Fih 

{F 2 h 


Rij ~ 2^9ij + (/y ^ ~ 

~29ijF^ + ‘ 2 RRij 


+ ]y [ 5 dV"(iVA)-V,V.(iVA)], 

(^^3)*, = -^9^JR,nuR'^’^ + 2 R,kR^ 

+ ^[- 2 VfeV(,(iVA,^)) 
+V^NR,j) + g,,WmVr,{NR^’-) 
{F4)ij = —-:^gijR?F‘3>R^Rij 

+^[g^JV^-V,v){NR\ 
{F^h = -\g^,RRmnR^'^ 

I E? Z? rymn . o E? E? E?^ 
iLijjXrnnjFt “r ^J^LrCiJ^iLj 


1 


g,jV‘^{NRmnR^'^) 


(109) (Fe),, = 


{F7)ij = 


N 

-V,V,(iVA„„A'"") 

+V^{NRR,j) + ffy V^V„(iVAA™") 
-2V„V(,(A^^iVA) 

_ 3 JX^ JX^ JX^ I Q jxmn jx JX 

Q^yij-^n ' OiX IXfjiiiXfij 

+ ^[9^1^m^n{NRTRn 
+V2(iVA™A7) - 2V™V(,(iVA,)„A”^") 

-^gijRV'^R + R^jV'^R + RS/iVjR 


N 


gijV^{NV‘^R) - VjViiNV'^R) 


+R,jV^{NR) + g,,V^{NR) - VjV,{V‘^{NR)) 


-V(,(7VAV,)A) + Vfc(iVAV'=A) 

{Fs)ij = --i^gijiy mRnlY + 2V^ RJ^V rnRnj 


+ - 


N L 


2 V„V(,V^(iVV™A;‘)) 
-V2V™(7VV'"%) - gy V„VpV™(A^V'"A"P) 
-2V™(iVAj(,V'"A')) - 2V„(iVAj(,V,)A"') 
+ 2 Vfc(iVAfV(,A')) 

{Fg)ij = —2gij^kG'^ + - R}^(^jS/i'jR F a(^iRj)}AJ^R 
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1 ■ 
2 L 




j)R~^ g S R^k{N(l^)Ri_ 


{Fsh = 


-V (^i{N Raj)) + -gijV^{NRak) 

(Aafc)^ + {Aai){Aaj) + 2Aa'"V(iV^)afc 


+5ijV^ 


i?Vfe(Aa'=) 


- V,V, 


i?Vfe(Aa'=) 


1 

'n L 


-—< - -V^ 

4A 1 2 


V)iNaj)VmR + V(i(Vj)i?)Aa„ 


Vfc[a(,V'=(AAa,)) + a(,V,)(AAa'=) 
-a''V(i(AAaj)) + g^jNa^’^Aap - NatjAa^] 

-2V(,(Aa,)fcAa'=)l, (113) 


+V2(Aa(,V,)i?) + 5„-V™V"(Aa™V„i?) 

+V'" [V(,(V,)i?^)Aafc + V(,(V™4)Aafe 
- 2 y\NauV(,R%) - 25„V™V"(AafeV(„<)) 
-V'" [v,Vp(Aa,i?^ + Aa™i?p 

+V,Vp(Aa,i?^ + Aa™0 
+2V2Vp(Aa(,i?^)) 

+2g,,V™V"VP(Aa(„i?„)p)l, 




-^g^J^Q^^Kr, 


(-^0 )u — ^k “t" O-iClj ■, 

{Fi )ij = '^9iji^k^ ) ~t” ‘2{ai^a )aiajj 

{F^h ^ 


2 

'1^9ij{^k) F 2 a^aij 


N 

1 


2 V)i{Naj)al) - 9 ijVa{aaNa\) 


{F^ )ij — rj9ij {^kk^ F kLk^ ^' 


A L 

1 


V)i{Naj)aka^) - -9ij^a{aaNauo!^) 


{Ft)ij = --^9ija^'^amn + ‘^a^akj 


2 

1 

"a 

1 


A ( 2 Na)^aj)j^ NaijUf^) 


{Fz)ij = --9ij{aka!")R +a^ajR +a^akRv 


2 

1 

'a 

1 


g.jV^iNaka'^) - V,V,(Aafca'=) 




2V^V(i(aj) Aafc) — V‘^{Naiaj) 


2NV 


-ff*,V'"V"(Aa„a„) 


iFj)ij — ~ 7:9ij Ro^k + oJkRij + i?ai_ 


4[ 


9ilV‘iNai) - V.Vj(«oJ) 


+ 




dti^/g^Gij) - 2 ipK’(^Rj)^ 


( 112 ) 


F-^^fiFRij + KijR) 

+^{ay V'=(^Afc) - 2 gk)^HN,)^) 

+5„-V2(A(^A) - V,Vj{NipK) 
+2V'=V(,(A,)fe(^A), 

-V2(A(^A„) - g„V“V'5(A(^A„^)|, 

(F^h = -l9^JV’G'"’^^m^n‘P 
-2(p\7 )iV'^ Rj)k + 

“ V,Vj)(A(^VV) 

”VfcV(i(A(pV''Vj)(/5) + iv^(Ai^VjVj((£)) 
+ ^V“V^(A(^V„V/3¥^) 
-gk^,vHN<pWj)‘P) + v'=(A^Vfe^)|, 




-(/3(a(,i?j)fcV'=<p + a^Rk(iVj)ip) 

+ ^R(pa)iVj)(p 

-^{ - ^(% + - W,Wj){Nipa'^Wk‘p) 


__V^ 

2 


V(i(Vj)(/3A(/3) + V(i(aj)<pAVfc<p) 


+ -V2(A(/?a(,Vj)(p) 

+ ^V“V^(A(^a„V;3(^)|, 






2V5A^ 
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ij 




ij 





aaN(^iVj)(p + N(^iaj)Va^ 


j)^ F/ 


+ lV(,(iViV,)a'=Vfc(p) 

“hex j^<~p -\- (X{^iK(p 

-Ka(^iVj)p - KijU^VkP, 

-a^iV’^Vj)ipVk^ - afcV'"V(iV?Vj)(/7 
+a(iVj)iy9V^(/9 + k^^ 

F^^’"{N^pakVi^V]‘f) 

-2V (i{NV j)ipa’^V k^p) 


+gijV°‘ iy apa^y kp) |, 

- pz] [a(m V„) p] [a(fc Vi) p] 

-^{a'^Wip - ay^p){akVjP - aj^kp), 

-^al\7ip\7jp - ioy V''(/3Vfc(/j 

+afyj)p\7kp- -\7(^,{NajykpV''p) 


+V''(iVa(jVj)(pVfe<p) 

+ ^V'=(iVafeV™^V„^) 

_ i V'" (A^Ofc Vi(/5 Vj (/?) I, 

= -iff*,(VV + afeVV)" 

-2(V^(/7 + ak'^’^ p){v y jP + ay^p) 

-1| - 2W^,[NW,)p{Vy + afcVV)] 

+9iy°‘[Ff y'^p + afeV^”(/j)Va(^]|’, 

(F^h = -lg^jyy + akVy)K 

-iVy + akVy)K,, 

—{yyjP + ay jp)K 

~'r'^9iy a.yFay'^P + 

-VyNKV.p + i5,,Vfe(A^XVV)|- 

(114) 
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